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[Claims] 

1. In an electro optical device, in which active elements and 
electro optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner, scanning lines giving scanning voltage and data 
lines giving data voltage to the mentioned above active 
elements are arranged so that pass near the mentioned 
above active elements and cross each other, further, a 
plurality of current-supplying wires is arranged to supply 
currents via the mentioned above active elements to the 
mentioned above electro-optical elements and a current 
measuring element is provided for each current supplying 
wire to measure current, 
An electro -optical device, characterized by that: 
Current values flowing in a plurality of electro -optical 
elements connected to current supplying wires in which 
current measuring elements are arranged, are to be 
measured by each current measuring element; 
A step, at which a scanning voltage is given to one scanning 
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line, prescribed data voltages are supplied to each data line 
and current values flowing in the mentioned above 
electro -optical elements are measured by the mentioned 
above current measuring elements, and a step at which data 
signals, which make the mentioned above electro -optical 
elements in a zero gradation, are supplied to each data line 
in synchronism with the scanning voltage, are conducted for 
each scanning line, and basing on obtained current 
measurement values the data voltage to be given to each 
active element is corrected so that currents flowing in each 
electro -optical element become equal. 

2. The electro-optical device according to claim 2, characterized 
by that luminance values of the above electro -optical 
elements in direction of crossing with the above current 
supplying wires are measured, and basing on the obtained 
luminance measurement values and the above current 
measurement values, data voltage given to the above active 
elements is corrected so that luminance of all electro -optical 
elements become equal. 

3. In the electro -optical device, in which active elements and 
electro -optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner, scanning lines giving scanning voltage and data 
lines giving data voltage to the mentioned above active 
elements are arranged so that pass near the mentioned 
above active elements and cross each other, further, a 
plurality of current-supplying wires is arranged to supply 
current via the mentioned above active elements to the 
mentioned above electro -optical elements and one current 
measuring element is provided for measuring current of the 
mentioned above current supplying wires, 

The electro-optical device, characterized by that: 
Current values flowing in a plurality of electro -optical 

elements are to be measured by the mentioned above current 

measuring elements, 
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A step at which a scanning voltage is given several times to 
one scanning line, different prescribed data voltages are 
supplied to one data line in synchronism with scanning voltage 
each time, data signals which make the mentioned above 
electro-optical elements in a zero gradation are supplied to 
other data lines, and current values flowing in the mentioned 
above electro-optical elements are measured by the mentioned 
above current measuring elements, is conducted for each 
scanning line, and basing on the obtained current 
measurement values data voltages given to each active 
element is corrected so that currents flowing in each 
electro-optical element become equal. 

4. In the electro -optical device, in which active elements and 
electro -optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner, scanning lines giving a scanning voltage and data 
lines giving data voltage to the mentioned above active 
elements are arranged so that pass near the mentioned 
above active elements and cross each other, further, a 
plurality of current supplying wires is arranged to supply 
current via the mentioned above active elements to the 
mentioned above electro -optical elements, and one current 
measuring element is provided for measuring current of the 
mentioned above current supplying wires, 
The electro-optical device, characterized by that: 
Current values flowing in a plurality of electro -optical 
elements are to be measured by the mentioned above current 
measuring elements, • 

By giving a scanning voltage to one scanning line, 
supplying prescribed data voltage to each data line and 
scanning in order the above TFT elements provided for each 
current supplying wire, a step at which current values flowing 
in the mentioned above electro -optical elements are measured 
in order by the mentioned above current measuring elements, 
is conducted for each scanning line, and basing on the obtained 
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current measurement values data voltage given to each active 
element is corrected so that currents flowing in each 
electro-optical element become equal. 

♦ 

[Detailed description of the invention] 
[0001] 

[Field of the invention] The present invention relates to an 
electro-optical device in which organic EL elements or the like 
electro-optical elements are used. 
[0002] 

[Prior art] Since an organic EL element is a spontaneous optical 
element which glows itself without other light source, in case 
when it is used in a display it is possible to obtain a thin display 
in which outperforming liquid crystal, a wide angle of view at 
high contrast is obtained. 

[0003] Fig. 1 is a schematic sectional view showing a structure 
of usual organic EL element. Here, on a substrate an anode 2, 
hole injection layer 3, hole transport layer 4, luminous layer 5, 
electron transport layer 6 and cathode 7 are placed in layers in 
order. Then, by supplying d. c. voltage to the both electrodes 2, 7 
holes from anode 2 and electrons from cathode 7 are injected. It 
is a principle that luminance of organic EL elements is obtained 
in process when due to these two recombination, singlet 
excitation state of luminance molecules is created, and when 
singlet excitation state luminance molecules return to normal 
state they emit light outside. 

[0004] Characteristics of usual organic EL elements are shown 
in Fig. 2 (a) - 2 (c). Fig. 2 (a) represents relation between applied 
voltage and luminance, Fig.2 (b) represents relation between 
applied voltage and current, and Fig.2 (c) represents relation 
between applied voltage and luminous efficiency. When it 
becomes more than certain value voltage, luminance slowly 
increases, and current density also increases slowly when it 
becomes more than certain value voltage. And then, luminance 
efficiency achieves its maximum value at certain voltage. 
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[0005] Recently, display of a simple matrix constitution and 
active matrix constitution in which organic EL elements are 
used is developed extensively. 

[0006] In Fig. 3, a circuit constitution of usual simple matrix 
display is shown. Here, organic EL elements are arranged in a 
matrix manner, scanning lines connected to a scanning driver 
and data lines connected to a data driver cross each other (in 
this case at right angle). Scanning lines are connected to 
cathode of organic EL elements, and data lines are connected to 
anode of organic EL elements. 

[0007] In display of a simple matrix constitution organic EL 
elements connected to it glow only during a period when each 
scanning line is selected. Therefore, when a quantity of 
scanning lines increases and duty ratio rises, a period of 
selecting each scanning line decreases, and a period of glowing 
of each pixel becomes short. As a result, it causes decrease of 
luminance of display. If increase voltage applied to organic EL 
elements and increase luminance in order to avoid this, 
increase ,of energy consumption is caused since usually 
luminance efficiency the more decreases the more voltage 
becomes high. 
[0008] 

In Fig. 4, a circuit constitution of a usual active matrix 
constitution display is shown. Here, organic EL elements and 
active elements controlling them are arranged in a matrix 
manner. As shown in Fig.5, two kinds as switching TFT, which 
are n-channel TFT and driving TFT, which are p-channel TFT 
are necessary for active elements. Then, scanning lines which 
apply a scanning voltage (a signal opening gate) and data lines, 
which apply data voltage (data signal) to the active elements, 
cross each other (in this example at a right angle) and are 
connected to scanning driver and data driver correspondingly. 
Further, current-supplying wires for supplying current via 
active elements to organic EL elements are provided parallel to 
data lines. 
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[0009] In this active matrix constitution display, a gate signal of 
switching TFT is inputted from a scanning line and in 
synchronism with it a charge of quantity corresponding to a 
data signal from a data line is inputted to a capacitor. 
Corresponding to a charge quantity accumulated in the 
capacitor resistance value during sauce drain of driving TFT is 
decided, current is supplied from a current-supplying wire to 
organic EL element and organic EL element glows. Then, even 
after switching TFT is closed, since current is supplied from a 
current-supplying wire to organic EL element through driving 
TFT, it becomes possible that organic EL element glows till the 
next scanning. Therefore, even if duty ratio rises, it does not 
cause display luminance decrease and since driving is possible 
at low voltages, low energy consumption becomes possible. 
Further, in case of this constitution resistance value during 
sauce drain corresponding to a data signal from a data line is 
decided, and since current quantity supplied to organic EL 
element is decided on the basis of it, luminance corresponding 
to a data signal is obtained and it is possible to perform 
gradation indication. 

[0010] Thus, since at a display of active matrix constitution it is 
possible to plan low energy consumption in comparison with a 
simple matrix constitution, it is desirable. However, due to 
deviation in driving TFT characteristics there is a weak point at 
an active matrix constitution that current quantity flowing in 
organic EL elements differs in each pixel, and unevenness in 
luminance occurs. 

[0011] To avoid this, for example, at disclosure No. 1 1-282420 
preliminarily indication data is inputted to EL indication panel, 
all screen is lighting and luminance of each pixel is measured at 
that time; average of measured value is calculated, the 
difference is calculated further, and this difference is stored in 
corrected information memory as corrected value. Further, this 
corrected value is added to indication data (data signal) by an 
adder and inputted to EL indication panel, due to which 
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indication deviation is corrected. Basing on this, it is possible to 

correct unevenness in luminance of EL elements due to 

> 

deviation in TFT characteristics. 

[0012] Further, there is a problem that organic EL elements, 
degenerate with glowing time and glowing luminance decreases. 
Since usually glow frequency differs with each pixel, pixels with 
high glow frequency gradually darken, and pixels with low glow 
frequency do not change, due to which unevenness in 
luminance occurs. 

[0013] To avoid this, for example, at disclosure No.10-254410 
during driving each organic EL dement at prescribed voltage 
value the currents flowing in organic EL elements are 
measured and stored in the memory. Further, basing on the 
current values data signals are calculated, and glowing time 
during one frame period is decided. Basing on it, it is possible to 
correct unevenness in luminance due to degradation of organic 
EL elements. 

[0014] Further, at disclosure No.2000-187467 current detecting 
means for detecting currents flowing in each pixel of organic EL 
elements during glowing is provided, and glowing time or glow 
currents of pixels is controlled in correspondence with detected 
current. Basing on it, it is possible to detect changes in 
luminance due to deviation and degradation of elements and to 
perform good gradation control. 
[0015] 

[Problems to be solved by the invention] 

In case of a simple matrix constitution due to the above driving 
way, it is glowing in order with every pixel on each scanning 
line, and current does not flow in each organic EL element on a 
scanning line where scanning is finished and there is no 
glowing. Therefore, as it is described in disclosure 
No.2000-187467, if current measuring element is provided for 
each data line, it is possible to detect current flowing in each 
organic EL element. 

[0016] However, formerly it was not possible to use this 
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technique in active matrix constitution. The reason is that after 
scanning switching TFT is finished, currents are provided to 
organic EL elements through driving TFT, due to which the 
sum total of currents flowing in all organic EL elements 
connected to current-supplying wires is measured in case when 
current measuring elements are provided for each 
current-supplying wire. 

[0017] Therefore, in case when currents flowing in organic EL 
elements of each pixel are to be measured, as described in 
disclosure No. 10-2544 10 it is necessary to arrange current 
measuring elements for each pixel. However, if arrange current 
measuring elements for each pixel, it causes lowering of 
efficiency, and circuit constitution of each pixel becomes 
complex. Furthermore, since there is deviation in 
characteristics of current measuring elements themselves of 
each pixel, correct current detection is not possible. 
[0018] The present invention is proposed to solve the 
above-mentioned problems; and it is therefore an object of the 
present invention to provide an electro -optical device which 
allows to measure the currents flowing in organic EL elements 
or non -organic EL elements or the like electro -optical elements 
without providing current measuring elements for each pixel in 
active matrix constitution, and allows to correct unevenness in 
luminance due to deviation in TFT characteristics. 
[0019] 

[Means for solving problems] 

In an electro -optical device, in which active elements and 
electro-optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner, and at the same time scanning lines giving scanning 
voltage and data lines giving data voltage to the mentioned 
above active elements are arranged to pass near the mentioned 
above active elements and cross each other; further, a plurality 
of current-supplying wires is arranged to supply currents via 
the mentioned above active elements to the mentioned above 
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electro-optical elements and a current measuring element is 
provided for measuring current for each current-supplying 
wire, 

A step, at which currents flowing in plural electro -optical 
elements connected to current-supplying wires in which current 
measuring elements are arranged, are measured by each 
current measuring element, a scanning voltage is given to one 
scanning line, prescribed data voltages are supplied to data 
lines in synchronism with the scanning voltage and current 
values that flow in the mentioned above electro -optical 
elements are measured by the mentioned above current 
measuring elements, and a step, at which the scanning voltage 
is given to the same scanning line and data signals, which make 
the mentioned above electro-optical elements in a zero 
gradation, are supplied to data lines in synchronism with the 
scanning voltage, are conducted for each scanning line, and on 
the basis of the obtained current measurement values the data 
voltage to be given to each active element so that currents 
flowing in all electro -optical elements become equal. 
[0020] According to the above constitution, as shown in 
embodiment 1, at constitution in which current measuring 
elements are provided for each current-supplying wire, it is 
possible to measure current values flowing in all electro -optical 
elements and to correct the data voltage (data signal). 
[0021] Further, luminance values of the above electro -optical 
elements are measured in the direction of crossing the 
mentioned above current-supplying wires and basing on the 
obtained luminance measurement values and the above current 
measurement values the data voltage given to the above active 
elements can be corrected in order to make equal luminance of 
each electro-optical element. 

[0022] According to the above constitution, as shown in 
embodiment 2, it is possible to avoid unevenness in luminance 
of electro-optical elements even if there is deviation in 
electro-optical elements themselves. 



9 



[0023] In the electro-optical device, in which active elements 
and electro -optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner and at the same time scanning lines giving the 
scanning voltage and data lines giving the data voltage to the 
mentioned above active elements are arranged to pass near the 

■ 

mentioned above active elements and cross each other; further, 
a plurality of current-supplying wires for supplying currents 
via the mentioned above active elements to the mentioned 
above electro -optical elements is arranged, 
a step at which current values flowing in plural electro -optical 
elements are to be measured by the mentioned above current 
measuring elements, a scanning voltage is given several times 
to one scanning line, prescribed data voltages are supplied to 
one data line which respectively differs, in synchronism with 
the scanning voltage each time, and data signals, which make 
electro-optical elements in a zero gradation are supplied to 
other data lines and current values that flow in the mentioned 
above electro optical elements, are measured by the mentioned 
above current measuring elements, is conducted for each 
scanning line, and basing on the obtained current 
measurement value data, voltage given to each active element 
is corrected so that currents flowing in all electro -optical 
elements become equal. 

[0024] According to the above constitution, as shown in 
embodiment 3, it is possible to correct data voltage (data signal) 
measuring current values flowing in all electro -optical elements 
by one current measuring element. 

[0025] In the electro-optical device, in which active elements 
and electro optical elements controlled by the mentioned above 
active elements are arranged on a substrate in a matrix 
manner, and at the same time scanning lines giving the 
scanning voltage and data lines giving the data voltage to the 
mentioned above active elements are arranged to pass near the 
mentioned above active elements and cross each other; further, 
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a plurality of current-supplying wires for supplying current via 
the mentioned above active elements to the mentioned above 

* 

electro-optical elements is arranged and one current measuring 
element is provided for measuring currents of the mentioned 
above current supplying wires, 

TFT elements are provided in the substrate edge from the 
mentioned above electro -optical elements for each current 
supplying wire, current values flowing in plurality of 
electro-optical elements are to be measured by the mentioned 
above current measuring elements, the scanning voltage is 
given to one scanning line, alongside with it prescribed data 
voltages are supplied to each data line, and the mentioned 
above TFT elements provided for each current supplying wire 
are scanned in order, on the basis of which a step measuring in 
order current values flowing in the mentioned above 
electro-optical elements with the mentioned above current 
measuring elements is conducted respectively each scanning 
line, and basing on the obtained current measurement value 
the data voltage given to each active element is corrected so 
that currents flowing in all electro -optical elements become 
equal. 

[0026] According to the above constitution, as shown in 
embodiment 4, it is possible to correct a data voltage (data 
signal) measuring current values flowing in all electro -optical 
elements by one current measuring element. 
[0027] 

[Embodiments] Further, embodiments according to the present 
invention are now described with reference to the 
accompanying drawings. 

[0028] (Embodiment 1) Fig.6 is a circuit diagram for describing 
constitution of an organic EL panel, which is an embodiment of 
an electro-optical device according to present invention. In this 
organic EL panel, active elements and organic EL elements 
controlled by them are arranged on a substrate in a matrix 
manner. An organic EL element, as shown in Fig. 1, is formed 
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so that anode 2, hole injection layer 3, hole transport layer 4, 
luminous layer 5, electron transport layer 6 and cathode 7 are 
placed in layers on a substrate 1 . Further, an active element, as 
shown in Fig. 5, is formed of a switching TFT, driving TFT and 
capacitor. Further, scanning lines giving a scanning voltage 
and data lines giving a data voltage to active elements are 
arranged to pass near active elements and cross each other. 
Scanning lines are connected to a scanning driver, and data 
lines are connected to a data driver. Furthermore, a plurality of 
current supplying wires is arranged to supply currents to the 
electro-optical elements via active elements. 
[0029] Further, in this embodiment, current measuring 
elements are provided for measuring current for each current 
supplying wire. It is possible to use as a current measuring 
element constitution shown in Fig. 18. A memory element for 
storing current measurement results is connected to a current 
measuring element, and a memory element via calculating 
element is connected to a data driver. 

[0030] A method of correcting unevenness in luminance of 
organic EL elements due to deviation in TFT characteristics in 
an organic EL panel constituted in such way is now described. 
First, a method of measuring current values flowing in each 
organic EL element is now described. First, a scanning voltage 
is given to the first scanning line and switching TFT gate on the 
first scanning line opens. Prescribed data voltage (for example, 
a voltage for realizing current corresponding to a case when 
luminance is shared equally in current luminance 
characteristics) passes each data line and enters in 
synchronism with the scanning voltage. Due to it responding to 
charge quantity stored in the capacitor driving TFT gate opens 
and current flows from current supplying lines to organic EL 
elements on the first scanning line. A gate voltage of driving 
TFT at that time is practically equal to the data voltage, and 
current corresponding to it flows to organic EL elements. 
Current quantity flowing to each organic EL element at that 
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time is measured by current measuring elements, and 
measurement results are stored in memory elements. Further, 
a scanning voltage is given to the first scanning line once more 
to open switching TFT gate on the first scanning line. In 
synchronism with it, the data voltage, which makes organic EL 
elements in a zero gradation, passes each data line and enters. 
Basing on it, current flows to organic EL elements on the first 
scanning line. 

[003 1] Other scanning is conducted also for other scanning lines 
in order. Based on it, it is possible to measure all currents 
flowing in each organic EL element. 

[0032] For example, current quantity flowing in each organic 
EL element on the first data line (organic EL 1,1, organic EL 1 , 
2, ... organic EL 1, n), is measured by current measuring 
element 1 . If take log (I) (I is current quantity) on a vertical axis, 
this current quantity has deviation as shown in Fig. 7. This is 
deviation due to deviation in driving TFT characteristics, f 
current quantity flowing in each organic EL element differs in 
such way, the obtained luminance also differs and unevenness 
in luminance occurs. 

[0033] Further, a method of obtaining uniform luminance 
correcting deviation in current values is now described. 
Connections between gate voltage: V gate and flowing current 
value: log (I) in usual TFT will be as shown in Fig. 8. In this Fig., 
a leaning part - 
[0034] 
[Number 1] 

log (I) = a V gate + b (a is leaning, b is segment) ...(1) 
[0035] can be defined by a straight line expressed with the 
above. 

[0036] If characteristics of TFT elements differ, difference in 
characteristics occurs as shown in Fig. 9. Therefore, even if 
input the same gate voltage, deviation in flowing current values 
will occur. However, regarding a in the above formula (1) in 
each TFT, practically there is no change. Further, in a circuit 
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constitution shown in Fig. 6 gate voltage is practically equal to a 
data signal (data voltage) . 

[0037] Here, in order to simplify description, only current 
values (Fig. 7) flowing in three organic EL elements as organic 
EL (1, 1), organic EL (1, 2) and organic EL (1, 3) in Fig. 6 will be 
taken in consideration and a method of correcting luminance 
based on it will be considered. They are current values flowing 
when the same data voltage, specifically, the same gate voltage 
(hereinafter simply called V c ) is given to a driving TFT and are 
taken as log (Ii), log (I2) and log (b) respectively. If plot it in 
graph as quadrature axis: gate voltage (V gate) , vertical axis: 
current quantity (log (I)) , it will be the same as shown in Fig. 10. 
Since it is shared as shown in Fig. 8, TFT current characteristics 
will be the same as shown in Fig. 11 if it passes every point in 
Fig. 10. A straight line of a leaning part at that time, 
[0038] 
[Number 2] 

At organic EL (1,1), log (I) = a V gate + (log (Ii)-aVc) ... (2) 
At organic EL (1,2), log (I) = a V gate + (log (I 2 ) - a V c ) ... (3) 
At organic EL (1,3), log (I) = a V gate + (log (b) - a V c) ... (4), 
[0039] will be expressed as above. 

[0040] Here, as shown in Fig. 7, if decide reference current value 
as current flowing in organic EL (1,2) and determine from the 
above formula (2) and the above formula (4) a gate voltage, at 
which a current value the same as in organic El (1 ,2) flows also 
in organic EL (1,1) and organic EL (1,3), 
[0041] 
[Number 3] 

At organic EL (1,1), 
log (I2) - log (h) + a V c 

a 

At organic EL (1,3), 

Log (12) - log (13) + aVc 

A 

[0042] will be as above. If this gate voltage is inputted to driving 
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TFT of organic EL (1,1) and organic EL (1,3) respectively, 
current the same as in organic EL (1,2) will flow and uniform 
luminance will be obtained. Since deviation between elements 
is small, it is possible to measure in advance a by one of TFT. 
[0043] In case when in such way the same data voltage (gate 
voltage) is given to driving TFT, even in cases when flowing 
current values differ, it is possible to obtain uniform luminance 
making flow the same current in organic EL elements, based on 
correcting data voltage basing on simple calculations. 
[0044] In order to correct other data voltages (gate voltage of 
driving TFT), it is possible to conduct again the above current 
measuring and it is possible to determine from calculations 
using the above formula (2) ~ the above formula (4). Thus, 
current flowing during gate voltage V c' in organic EL (1,2), 
[0045] 
[Number 4] 

a V' c + (log (I 2 ) - a V c) 
[0046] is expressed by the above. If determine from the above 
formula (I) and the above formula (3) a gate voltage in organic 
EL (1,1) and organic EL (1,3), at which current value the same 
as in organic EL (1 ,2) flows, 
[0047] 
[NumberS] 
At organic EL (1,1), 

log (I2) - log (Ii) + a V c 

a 

At organic EL (1,3) 

log (I 2 ) - log (I 3 ) + a V c 

a 

[0048] will be as above. If input the gate voltage to driving TFT 
of organic EL (1,1) and organic EL (1,3) respectively, current 
the same as in organic EL (1,2) will flow and uniform luminance 
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will be obtained. If conduct current measuring at certain data 
voltage for a moment, it is possible to conduct corrections also 
for other data voltages basing on this current value. 
[0049] It is possible to decide with simple calculations a data 
voltage (gate voltage of driving TFT) at which the same current 
flows for other organic EL elements cn the first scanning line 
and for organic EL elements on other scanning lines, and it is 
possible to obtain uniform luminance, based on it. 
[0050] Current measurement results obtained by the above 
current measuring elements are stored by memory elements 
storing the results shown in Fig. 6, correction of data signal is 
conducted by calculating elements and corrected data signal is 
sent to a data driver. It is possible to conduct uniform gradation 
indication basing on the above process. Users themselves can 
conduct the above correction of luminance before or during 
using. 

[0051] (Embodiment 2) In the above embodiment 1, correction 
of luminance of organic EL elements in a direction along data 
line is conducted by current values measured with each current 
measuring element. Therefore, in cases when there is no 
deviation in each current measuring element itself it is possible 
to obtain uniform luminance in all organic EL according to the 
method described in embodiment 1 . 

[0052] However, in cases when current measuring elements are 
incorporated in the substrate, there is deviation in 
characteristics in current measuring elements themselves and 
there is danger that deviation occurs in measurement itself. In 
this case, if even correct the data voltage as in embodiment 1, 
luminance of organic EL elements differs in a direction along 
scanning lines (direction crossing current supplying lines). 
Thus, if even input data voltage to make the same luminance, 
luminance differs in organic EL (1,1), organic EL (2,1), 
...organic EL (m, 1). 

[0053] To correct deviation in characteristics of current 
measuring elements themselves, after conducting correction 
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like in embodiment 1 and inputting corrected prescribed data 
voltage luminance measurement of pixels is conducted for a 
direction along scanning lines, as shown in Fig. 12. A case when 
due to this luminance measurement, luminance of organic EL 
(1,1), organic EL (2,1), ... and organic EL (m, 1) becomes, for 
example, like shown in Fig. 13, is considered. 
[0054] Further, to simplify description, organic EL (1,1) and 
organic EL (2,1) are considered. It is possible to approximate 
current - luminance characteristics of organic EL, as shown in 
Fig. 14 by practically a straight line. Here, luminance of organic 
EL (1,1) is taken as Ki, luminance of organic EL (2,1) is taken 
as K2 and current values at that time are taken as ki, Ik2. 
Further, the gate voltage of driving TFT of organic EL (1,1) at 
this luminance is taken as Vki, gate voltage of driving TFT of 
organic EL (1,2) is taken as Vk2. In this case connections 
between gate voltage and current flowing in organic EL become 
like shown in Fig. 15. 

[0055] Therefore, taking the luminance level of organic EL (1,1) 
as a standard luminance and basing on the same idea of the 
above embodiment 1 , if express the gate voltage of driving TFT 
of organic EL (1 , 1) as 
[0056] 
[Number 6] 

log (Ik2) - log (Iki) + a Vki ' 

a 

[0057] Current values flowing in organic EL (1,1) and organic 
EL (2,1) agree and it is possible to make the same luminance. 
Luminance for other organic EL elements on the first data line, 
which is the same as for organic EL elements on the second 
data line, is obtained by conducting the same correction as the 
above. 

[0058] Thus, in case when there is deviation in current 
measuring elements themselves and unevenness in luminance 
of organic EL elements occurs in direction along scanning lines, 
uniform luminance can be obtained also by conducting the 
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above correction. 

[0059] (Embodiment 3) An example of measuring currents 
flowing in each organic EL element by one current measuring 
element, as shown in Fig. 16, is now described. In this case, like 
embodiment 1 , it is not possible to measure current flowing in 
each organic EL elements by giving prescribed voltage to all 
data lines in synchronism with scanning of scanning lines. 
Therefore, in this embodiment current flowing in organic EL 
elements is measured by the below procedure. 
[0060] First, scanning voltage is given to the first scanning line, 
gate of switching TFT on the first scanning line opens. 
Synchronously, prescribed data voltage is inputted to the first 
data line, and data voltage which makes organic EL elements 
in a zero gradation is inputted to other data lines. Basedon it, it 
is possible to measure current flowing in organic EL (1,1) by 
current measuring element. Further, scanning voltage is given 
to the first scanning line again, and gate of switching TFT on 
the first scanning line opens. Synchronously with it, prescribed 
data voltage is inputted to the second data line and data voltage, 
which makes organic EL elements in a zero gradation, is 
inputted to other data lines. Based on it, it is possible to 
measure current flowing in organic EL (1,2) by current 
measuring element. It is possible to measure current flowing in 
each organic EL element on the first scanning line by one 
current measuring element, basing on repeating the above 
processing in order for other data lines. When measure current 
flowing in each organic EL element on other scanning lines, the 
above processing is conducted in order for other scanning lines. 
Based on it, it is possible to measure all current values flowing 
in each organic EL element. 

[0061] Current values flowing in each organic EL element 
obtained in such manner are stored in the memory, and basing 
on it data voltage is corrected as shown in the above 
embodiment 1, due to which it is possible to obtain uniform 
gradation indication. 



18 



[0062] (Embodiment 4) In this embodiment another example of 
measuring current flowing in each organic EL element by one 
current measuring element, as shown in Fig. 17, is described. 
Here, TFT elements are arranged with each current supplying 
wire. A current measuring method in this case is now described. 
[0063] In the early period gate of TFT elements arranged on 
each current supplying wire is closed. In this condition, first, a 
scanning voltage is given to the first scanning line, gate of 
switching TFT on the first scanning line opens, and 
synchronously with it prescribed data voltage is inputted to the 
first data line. Based on it, gate of driving TFT on the first 
scanning line opens. However, since gates of TFT located on 
each current supplying wire are all closed, current does not flow 
in organic EL elements on the first scanning line. Further, gate 
of TFT arranged on the first current supplying wire opens. Due 
to it, current flows only in organic EL element (1,1). Current at 
that time is measured by a current measuring element. Further, 
TFT arranged in order on the second current supplying wire, 
TFT arranged on the third current supplying wire, . . . and gate 
opens, and it is possible to measure current values flowing in 
organic EL elements on the first scanning line by one current 
measuring element, basing on measuring current flowing in 
each organic EL element at that time. Furthermore, the first 
scanning line is scanned again, each data line is passed and 
data voltage at which organic EL elements become in a zero 
gradation is inputted. Then, basing on repeating the above 
processing in order for the second scanning line, the third 
scanning line, it is possible to measure all current values 
flowing in each organic EL element. 

[0064] Current values flowing in each organic EL element 
obtained in such manner are stored in the memory, basing on 
which data voltage is corrected as shown in the above 
embodiment 1, due to which it is possible to obtain uniform 
gradation indication. 

[0065] In the above embodiment an example of electro -optical 
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device in which organic EL element is used as electro -optical 
element is described. The present invention allows using for 
electro-optical device with applied non-organic EL elements. 
[0066] 

[Effect of invention] As it is described above, according to the 
present invention in organic EL elements of active matrix 
constitution, it is possible to measure current flowing in each 
organic EL element and correct unevenness in luminance using 
current values even in cases when current measuring elements 
are provided for each current supplying wire. Further, even in 
case when one current measuring element is provided it is 
possible to measure current flowing in each organic EL element 
and correct unevenness in luminance using current values. 
Therefore, in comparison with a conventional technology in 
which it is necessary to arrange current measuring elements for 
each pixel, it is possible to rise efficiency and simplify circuit 
constitution. Further, it is possible to detect currents exactly 
avoiding unevenness in current measurement due to deviation 
in characteristics of current measuring elements. 
[Brief description of drawings] 

Fig.l is a schematic diagram showing a structure of a usual 
organic EL element. 

Fig. 2 is a graph showing characteristics of organic EL elements, 
(a) represents connection between applied voltage and 
luminance, (b) represents connection between applied voltage 
and current, and (c) represents connection between applied 
voltage and luminance. 

Fig. 3 is a circuit diagram showing organic EL panel 

constitution of usual simple active matrix constitution. 

Fig.4 is a circuit diagram showing organic EL panel 

constitution of usual active matrix constitution. 

Fig. 5 is a detail drawing showing base units of organic EL panel 

of usual active matrix constitution. 

Fig. 6 is a circuit diagram showing organic EL panel 
constitution of Embodiment 1 . 
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Fig. 7 is a graph showing current quantity flowing in organic EL 
element, measured by current measuring element: 
Fig. 8 is a graph showing relation between gate voltage and 
current quantity in a usual TFT. 

Fig. 9 is a graph showing relation between gate voltage and 
current quantity in case when there is deviation in element 
characteristics of usual TFT. 

Fig. 10 is a graph showing current quantity at gate voltage Vc of 
organic EL (1,1), organic EL (1,2) and organic EL (1,3) shown in 
Fig. 6. 

Fig. 11 is a graph showing driving TFT characteristics of 

organic EL (1,1), organic EL (1,2) and organic EL (1,3). 

Fig. 12 is a drawing for explanation of a luminance measuring 

method. 

Fig. 1 3 is a graph showing unevenness in luminance of organic 
EL in direction along scanning lines. 

Fig. 14 is a graph showing current - luminance characteristics 
of organic EL. 

Fig. 15 is ( a graph showing driving TFT characteristics of 
organic EL (1,1), (2,1) shown in Fig. 6 . 

Fig. 16 is a circuit diagram showing constitution of organic EL 
panel of Embodiment 2 . 

Fig. 17 is a circuit diagram showing constitution of organic EL 
panel of Embodiment 3. 

Fig. 18 is a drawing showing one example of constitution of 
current measuring element used in the embodiment. 
[Description of reference numerals] 

1. Substrate 

2. Anode 

3. Hole injection layer 

4. Hole transport layer 

5. Luminous layer 

6. Electron transport layer 

7. Cathode 
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